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Jn-fiight exposure to nicotine, urinary cotinine tevefs, and symptom self-reports 
were assessed in a study of nine subjects (five passengers and tour attendants) on 
four routine commercial flights each of approximately tour hours’ duration. Urine 
samples were collected for 72 hours following each flight Exposures to nicotine 
measured during the flights using personal exposure monitors were found to be 
variable, with some nonsmoking areas attaining levels comparable to those in 
smoking sections. Attendants assigned to work in nonsmoking areas were not 
protected from smoke exposure. The type of aircraft ventilation was important in 
determining the levels of in-flight nicotine exposure. The environmental tobacco 
smoke levels that occurred produced measurable levels of cotinine (a major 
metabolite of nicotine) in the urine of passengers and attendants. Passengers who 
experienced the greatest smoke exposure had the highest levels of urinary cotin- 
ine. Changes in eye and nose symptoms between the beginning and end of the 
flights were significantly related both to nicotine exposure during the flight and to the 
subsequent urinary excretion of cotinine. In addition, Subjects’ perceptions of 
annoyance and smokiness in the airplane cabin were also related to in-flight 
nicotine exposure and urinary excretion measures. 
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THE ADVERSE health effects on non- 
smokers of passive, or involuntary, 
smoking include lung- cancer and respi¬ 
ratory disease, the latter especially 
among children, as well as acute irritant 
effects. The scientific evidence for these 
effects has been reviewed and codified 
in the Surgeon General’s Report on the 
Health Consequences of Involuntary 
Smoking published in 1986. 1 

Attention recently has been focused 

SeeBlBOp 89 «. 


on the extent of exposure to passive 
smoking experienced in various indoor 
environments where smoking is al¬ 
lowed. The National Academy of Sci¬ 
ences reviewed the data on passive 
smoking in relation to the quality of 
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indoor air environments in two separate 
reports also published in 1986. The first 
is a more general statement, Environ- 
mental Tobacco Smoke: Measuring Ex¬ 
posures and Assessing Health Effects ,* 
and the second, specifically addressing 
the environment of airline flights, is The 
Airliner Cabin Environment: Air 
Quality and Safety.* The latter re¬ 
commended a ban on smoking in all do¬ 
mestic commercial flights for four major 
reasons: to minimize irritation, to re¬ 
duce health risks, to reduce fire haz¬ 
ards, and to bring air cabin quality into 


line with standards for other dosed 
environments. 

Public opinion, by smokers and non- 
smokers alike, is increasingly in favor of 
restrictions on smoking in public areas 
and in the workplace. However, there 
are presently no regulatory standards 
that specify limits on pollutants affect¬ 
ing air quality in airplanes. Recent leg¬ 
islation in the United States, enacted in 
April 1988 on a trial basis, has banned 
smoking on aO US carrier domestic 
flights of two hours or less. The ban is 
due to terminate in April 1990 unless 
additional congressional action occurs.* 
In Canada, smoldng on Sights of two 
hours or less was banned by the govern¬ 


ment in December of 198?. Subsequent¬ 
ly, both major Canadian airlines volun¬ 
tarily went beyond the two-hour ruling 
and banned smoking on all North Amer¬ 
ican flights. One US airline has volun¬ 
tarily banned smoking on flights of any 
length within the United States, except 
flights to and from Hawaii.® On Jan X, 
1988, the California legislature enacted 
a law that banned smoking on all forms 
of public transportation, including all 
intrastate airline flights, and limited 
smoking in transportation waiting ar¬ 
eas. Reactions to the ban obtained in a 
March 1988 survey of 677 passengers 
and crew showed strong support among 
nonsmokers (95%) and smokers (57%) 
(University of San Francisco news re¬ 
lease, April 6, 1968X 

The Surgeon General of the Public 
Health Service requested that the 
Smoking, Tbbacco, and Cancer Pro¬ 
gram of the National Cancer Institute 
conduct a research study to measure 
environmental tobacco smoke exposure 
on typical commercial flights. This 
study was undertaken (1) to measure 
nicotine levels in ambient air during 
flights of approximately four hours* du¬ 
ration and urinary’ cotinine levels at var¬ 
ious points during the three days after 
the flights, and (2) to determine if these 
exposure and excretion measurements 
correlate with each other and with acute 
symptoms experienced during the 
flights. 

METHODS 

Subjects and Procedure* 

Nine subjects (four attendants and 
five passengers) participated on each of 
four flights. Based on smoking chamber 
data, 1 we determined that this study 
design would have 77% power for find¬ 
ing a difference in urinary cotinine ex¬ 
cretion between subjects moderately 
exposed to environmental tobacco 
smoke and unexposed subjects. All sub¬ 
jects were nonsmokers; were not regu¬ 
larly exposed to smoke; were free of 
chronic respiratory disorders such as 
asthma, bronchitis, or emphysema; 
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Table 1.—Inflight Nicotine exposure* 





Fllgnt 


Venable 

1 

2 

3 

4 

Attendants 

1 

3.o rst) 

S.fi (S) 

0-7 (NS) 

7.7 (NS) 

2 

0.1 (NS) 

9.4 (NS) 

0.5 (5) 

9 5 (S) 

3 

9.8 (NS> 

02 (NS) 

15 <S) 

7.5 (S) 

4 

0.9 IS) 

10 5 (S) 

T.4 (NS) 

5-4 (NS) 

Passengers 

S 

IBS tS) 

0.8 (NS-B) 

S.S (NS-fl) 

12.9 (S) 

0 

SS.E (Si 

0.1 (NS-B) 

32.1 (S) 

273 (NS-B) 

7 

0.1 <NS-B) 

3.5 (S> 

2.5 (NS-B) 

84 (S) 

8 

0S (NS-8) 

0-3 (S) 

83 (S) 

71.0 (NS-B) 

9 

02 (NS-B) 

12-6 (S> 

27.5 (NS-8) 

11.4 (S) 


Aw«*0*No.<tf 
*mofc*np*r 
count (No. ot 

aiamnmtm) *2 (9) 3.9 (7) 4 4 (7) 4.4 {5} 


•Nicotine vmiufts torn personal monitoring pump (assigned war* or setting tn«^ Vtlyts were adjusted tor 
sampling time during which smoking was allowed. Units are rrwcrogratms per cubic meter (jig/m*), 

TS indicates smoking section; NS. nonsmoking section; and MS-8, borderline Between smoking and nonamotang 
•actions. 


were willing to be assigned to the smok¬ 
ing section of aircraft; and volunteered 
to participate in the study. The protocol 
was approved by the human subjects 
institutional review board of the Na¬ 
tional Institutes of Health and by the 
participating airline. Eight of the nine 
subjects were recruited from Air Cana¬ 
da employees. 

Data collection for the entire study 
took place over a 19-day period in May of 
1988. The flights' schedules were as fol¬ 
lows; flight 1, Toronto to San Francisco; 
flight 2, San Francisco to Toronto; flight 
3, Toronto to Vancouver; and flight 4, 
Vancouver to Tbronto, Seventy-two 
hours elapsed between all flights except 
flights 2 and 3, which were separated by 
four days. Flights 1 and 2 were on B727 
jets with 100% fresh air. Flights 3 and 4 
were on B767 jets with 50% of the air 
recirculated. 

The same subjects participated in all 
four flights. The five passenger subjects 
(three men and two women) were 
seated in the smoking section or in the 
nonsmoking section bordering the 
smoking section. The four attendant 
subjects (three men and one woman) 
were assigned to work in smoking or 
nonsmoking sections of the cabin. All 
subjects rotated exposure conditions 
over the four flights, shown in Table 1. 

Each flight had four smoking section 
rows, consisting of 24 seats in flights 1 
and 2 and 28 seats in flights 3 and 4. 
There were 78 seats in nonsmoking in 
flights 1 and 2 and 93 in 3 and 4. 
Although the smoking section was fully 
occupied on the first three flights and 
there were only two empty seats on the 
fourth flight, some passengers in the 
smoking section did not smoke, eg, 
study subjects and children. Logistical 
considerations (ie, the airline’s need for 
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a rapid turnaround of aircraft) pre¬ 
vented a direct count of all cigarette 
butts produced by smokers on the 
flight. Smoking activity was estimated 
by the field coordinator, who observed 
the smoking section at intervals 
throughout the flight and counted the 
number of persons smoking each time. 

The concentration of nicotine in the 
cabin air was used as a marker or surro¬ 
gate for the exposure tc environmental 
tobacco smoke. During the flights, nico¬ 
tine was collected from the air by active 
sampling as described elsewhere.' A 
personal exposure monitor consisting of 
a pump sampling at 3 L/min through a 
cassette containing two filters was 
used. The first filter collected particles 
for a separate study of mutagenicity of 
extractable organics to be reported 
elsewhere. The second filter was 
treated with sodium bisulfate to collect 
the nicotine. The nicotine on the treated 
filters was desorbed in solvents and ana¬ 
lyzed by gas chromatography with ni¬ 
trogen-selective detection. The sensi¬ 
tivity was 0.07 pg of nicotine per cubic 
meter. Each subject wore an active 
sampling system during each flight to 
measure his or her actual nicotine expo¬ 
sure (“in-flight exposure”! 

Exposure to cigarette smoke be¬ 
tween flights was monitored with both a 
diary, in which subjects recorded the 
extent and duration of exposure outside 
of the flights, and with a passive moni¬ 
tor. For 72 hours before and after each 
flight, each subject wore a small, light¬ 
weight passive monitor that contained a 
bisulfate-treated filter that collected 
nicotine by diffusion. These filters were 
also analyzed by gas chromatography 
with nitrogen-selective detection.*' 1 * 

In addition to a preboarding baseline 
urine sample, subjects collected all their 


urine for each of 12 six-hour perio,. 
after the flight. They recorded the tot*; 
volume collected for each six-hour peri¬ 
od and took a sample from the pooled 
specimen. All samples were shipped in 
dry ice to the testing Laboratory and 
analyzed for cotinine and creatinine. 
The method of cotinine analysis was ra¬ 
dioimmunoassay, as described by Haley 
et aL 11 " All cotinine values were nor- 
malized by creatinine excretion. 

Before each flight, all subjects were 
asked to complete a simple question¬ 
naire about the following symptoms; 
eyes (itching, burning, dryness, teari- 
ness, or increased blinking); nose (dry¬ 
ness, itching, discharge, obstruction, or 
stuffiness); dry mouth; coughing; sneez¬ 
ing; scratchy or sore throat; and head¬ 
ache. These same questions were asked 
at the completion of each flight along 
with additional questions concerning 
annoyance from cigarette smoking dur¬ 
ing the flight {"During this flight, were 
you annoyed or irritated by cigarette 
smoke?") and an estimate of how smoky 
the flight appeared to be (“How smoky 
was the area of the plane in which you 
spent most of your time?”). 

Data Analyst* 

Air nicotine concentrations (in micro- 
grams of nicotine per cubic meter of air) 
were corrected for the sampling time 
during which smoking was permitted 
and the pumps activated. The lengths of 
time the air sampling equipment was on 
were as follows: flight l, 4.8 hours; flight 
2,4-5 hours; flight 3,4.0 hours; flight 4, 

3 8 hours. Since all flights had minimal 
time during which smoking was cur¬ 
tailed, these corrections were minor. 
Levels of air nicotine were classified as 
“high”(>12 pg/rn*), “moderate” (1 to 12 
pg/m*), or “low” (<1 pg/m*), Statistical 
significance was assessed by the Wil- 
coxon-Mann-Whitney rank test“ and 
the Mantel linear trends test.” Both 
one- and two-tailed P values have been 
used, depending on whether the direc¬ 
tion of the statistical comparison could 
be anticipated from prior knowledge. 

Two types of analyses were done with 
the urinary data. In the first analysis, 
the relationship between air nicotine 
exposure during the flight (“in-flight ex¬ 
posure”) and cotinine excretion over the 
72-hour period after the flight was ex¬ 
amined. Twenty-four-hour moving av¬ 
erages, ie, an average of the four cotin¬ 
ine values for a consecutive-24-hour 
period, were created to smooth put vari¬ 
ability. “ The cotinine moving average 
(MA) was computed for the mean cotin¬ 
ine values, normalized for creatinine in 
units of nanograms of cotinine per milli¬ 
gram of creatinine as follows (where 
UCP indicates urine collection period 
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Fig 1.—Cotinine excretion over lime. Twertty-four^our moving average ofco&nine excreieo after flight. Value 
at f*=0 ts average urinary cotinrne before boarding flight High ^flight exposure is defined as nicotine 
exposure greater than median value. Units a/e nanograms of cotininfl per milligram of creatinine. See text for 
description of methods. 
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Fig 2. -In-flight nicotine »*po6ura and cotinine Op¬ 
eration at 12 hours after flight Veluea era natural 
logarithms of air nicotine (Ln [nicotine - t)> and 
creatinine-normalized cotinine (Ln [cotinine - 1J). 
Regression line through data points for subjects not 
reexposed between fights, correlation coefficient - 
.74, P- 0003. 


for the stated interval): MA (at 12 
hours) = UCP (0 to 6 hours) - UCP (6 
to 12 hours) t UCP (12 to 18 hours) + 
UCP (18 to 24 hours) divided by four, 
plotted atf = 12, the midpoint of that 24- 
hour interval. MA (at 18 hours) = UCP 
(6 to 12hours) - UCP(12 to 18 hours) * 
UCP (18 to 24 houns) ra UCP (24 to 30 
hours) divided by four, and similarly for 
the remaining moving averages. Com¬ 
puted in this way, the 12 postflight urine 
collection periods yielded a single mov¬ 
ing average curve consisting of nine 
paints. Measured levels of in-flight air 
nicotine were partitioned into those 
above and below the median value for all 
flights. Twenty-four-hour moving av¬ 
erages of cotinine levels were plotted 
against time separately for subjects re¬ 
ceiving high (above median) and low 
(below median) in-flight exposure. 

In the second analysis, the dose- 
response relationship between nicotine 
exposure and cotinine excretion at 12 
hours was examined by scatter plots of 
in-flight exposure vs cotinine excretion 
using log-transformed values for all nic¬ 
otine and cotinine measures. The total 
number of urinary points available for 
f = 12 hours was 29 (instead of 36), due to 
missing data. 

Linear plots of both raw and! creati¬ 
nine-normalized measures of urinary 
cotinine and plots of the log-trans¬ 
formed urinary cotinine data (original 
units were nanograms per milligram of 
creatinine) done early in the analysis 
revealed marked variation for some in¬ 
dividuals. Some began a flight with un- 
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expectedly high baseline values. For 
some subjects, peak excretion of cotin- 
ine occurred at irregular intervals, with 
some subjects peaking early, others 
late, and some showing multiple peaks. 
The most likely explanation for the pat¬ 
terns observed is that some subjects 
were reexposed while not on a flight. 

The possibility of reexposure was an¬ 
alyzed by examination of the interflight 
nicotine badge worn between flights 
and the exposure diaries. Subjects 
whose passive nicotine badge values in¬ 
dicated exposure of 0.13 fig of nicotine 
or greater during the 72-hour between- 
flight interval were considered to have 
received at least moderately high re¬ 
exposure. Data from the diaries docu¬ 
menting the day and time of exposures 
were used in combination with known 
half-life values for cotinine to determine 
which collection intervals were af¬ 
fected. The mean baseline cotinine level 
(nanograms of cotinine per milligram of 
creatinine) of subjects with interflight 
badge values of 0.13 ug of nicotine or 
greater was 34.3, and 12.1 for those 
with badge values of less than 0.13 jig of 
nicotine. 

Urine samples collected after the fol¬ 
lowing flights were considered unsuit¬ 
able for analysis due to occurrence of 
interflight exposures to tobacco smoke: 
all data for attendant subjects 1 and 2, 
flights 3 and 4 for attendant subject 3, 
flight 1 for attendant subject 4, flight 4 
for passenger subject 5, and flight 3 for 
passenger subject 8. These reexposed 
subjects were excluded from some ana¬ 


lyses (Fig 1). 

Both questions about symptoms and 
the questions concerning annoyance 
and smoke levels experienced during 
the flight were recorded on a six-point 
scale from zero to five. Differences m 
the symptom scores before and after the 
flight were calculated and categorized 
into three groups of roughly equal size, 
coded as 0, 1, and 2. For eye and nose 
score changes, - 2 to 0 was classified as 
none or mild, 1 to 2 as moderate, and 3 to 
4 as marked. For "annoyed’ 1 and 
"smoky,” the corresponding categories 
were 0 to 2, 3, and 4 to 5. A logarithmic 
transform for both the nicotine values 
from the persona) sampling pumps and 
the urinary cotinine values was used. 

These coded symptom score changes 
were related to the nicotine and cotinine 
values by linear least squares regres¬ 
sion with the continuous measurements 
(air nicotine or urinary cotinine) treated 
as the response variables. The analysis 
for the self-reported symptoms used all 
subjects and was based on those urinary 
cotinine values obtained at 12 hours 
after the flight, not moving averages. 
Twelve hours was chosen as an appro¬ 
priate point where there was minimal 
contamination from reexposure to 
smoke experienced later during the 
data coll ection period. 

RESULTS 

In-flight Nicotine Exposure 

Subject placement and exposure con¬ 
ditions for the four flights along with in- 
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flight nicotine measurements of air con¬ 
centrations from the active personal 
exposure monitors worn in-flight are 
shown in Table 1. Measurable exposure 
to environmental tobacco smoke oc¬ 
curred for all subjects on all four flights. 
Review of the in-flight logs kept by the 
study field coordinator of counts of 
smokers done at least hourly indicates a 
maximum of eight smokers at any one 
time during the flight, with the average 
number of smokers per count ranging 
from 3.9 to 4.4 (Table 1). Table 2 also 
shows the frequency distribution of the 
in-flight nicotine readings and levels of 
Statistical signifi cance for various group 
comparisons. 

The personal exposure monitors of 
subjects on flights with 100% fresh air (1 
and 2) recorded less exposure than 
those on the two flights with 50% fresh 
air and 50% recirculating air (3 and 4), a 
statistically significant difference by 
both tests, with two-tailed P values. On 
flights 1 and 2, aJi passengers seated in 
the nonsmoking section (five samples) 
were exposed to less than 1 ng/wi 5 of 
nicotine with a median exposure of 0.2 
M-g/m*. while all passengers seated in 
the nonsmoking section of flights 3 and 4 
(five samples) were exposed to more 
than 2.5 jig/m’ of nicotine, with a medi¬ 
an exposure of 27 pg/m 1 . Flight 4 from 
Vancouver to Toronto had the highest 
levels of air nicotine, with all exposed to 
greater than 5 |Ag/m 5 . 

Passengers in the nonsmoking border 
section experienced variability in their 
exposure, with some attaining expo¬ 
sures comparable to or higher than 
those in the smoking section. The three 
highest nonsmoking border readings 
(27.3,27.5, and 71 pg/m 5 ) were obtained 
on the flights with 50% recirculating and 
50% fresh air. There was also a differ¬ 
ence in spatial configuration of the seat¬ 
ing between the two types of aircraft. 
All nonsmoking border readings on 
flights with recirculated air were great¬ 
er than all nonsmoking border values on 
flights with 100% fresh air. The differ¬ 
ences between exposures in the non¬ 
smoking border and smoking sections 
were not statistically significant. No 
passenger subjects in the study were 
placed in the center of the nonsmoking 
section far from the border with smok¬ 
ing because of the expectation that ex¬ 
posures there would be very low. 

Exposure among attendants was not 
statistically different from that of pas¬ 
sengers, although none of the eight high 
exposures observed on the flights oc¬ 
curred among attendants (Table 2). Ex¬ 
posure among attendants assigned to 
work in the smoking section was not 
different from that among those work¬ 
ing in the nonsmoking section. 


Table 2. —Frequency Distribution of Air Niccfine Beatings and Tests of Significance* 

Ft 

Significantly — 

Pa ire Being Compared _ High Moderate Low _ Different? _ WWW _ MLT 

Rights t and 2 3 6 77 ’",7 "T7 - 

Rigftls 3 end 4 5 11 2J Ye * 064 

Anendants 0 ri 51 7 I 

PB 5 seng*re $ $ 5 / ^ - 15 -093* 

Passengers in emoking section 5 4 11 

Passengers in nonsmoking border 3 2 5 J * -055$ 

Attendants in smoking section O 6 21 

Affandants in nonsmoking secbon 0 S 3J *“ -30§ 

•Ail readings from personal pump monitors worn by a/l subjects during the nigfiti Units are mioogrtm* par 
cubic meter fog/lm*). High* >12 moderate* 1*12 j*Q/rn > ; end low »<1 tig/m*. 

t P values are from the companion between the members of each of the parrs indicated- lusted m* the P values 
for the WitcoxorvMartn-Whitney test (WMW) and Mantel linear trend* test (MLT). 

^Two-tailed P v*k*e. 

§Or>e-iaited P wkie. 



2.0 - 15 

T 

vs -r- 


Nose Changes 
P~ 031 


Eye Changes 

i°=.016 


Annoyed 
P = .0 02 


Smoky 

P-.0003 


Fig 3 . — Relationship ot in-Nighl levels ot air nicotine measured by personal monitoring pump to symptoms and 
perceptions dunng flight. Units are micrograms ol nicotine per cubic meiei (log trans'ormed: Ln [nicotine + 
t](. Numbers ot subjects in aach category are shown above Cars representing 1 SE. Black bars indicate 
marked changes; striped bars, moderate changes; and white cats, no or mild changes. P values are one- 
tailed. Sea levt tor description ef scoring system. 


Urinary Cotinine Excretion 

Postflight urinary cotinine excretion 
over time in subjects without apprecia¬ 
ble reexposure between flights is shown 
in Fig Z. A median split was performed 
on the in-flight nicotine exposure values 
to divide these subjects into “high” and 
‘low” nicotine exposure groups. The 
median nicotine exposure value was 5.5 
Hg/m*. The urinary cotinine level for 
each exposure group was plotted 
against time using a moving 24-hour 
average. In the high-exposure group 
cotinine excretion increased quickly 
from preflight levels, rose to a peak val¬ 
ue, and monotonically decayed back to a 
value slightly above the preflight levels 
by 72 hours. Similar plots of cotinine 
excretion over time for only the reex¬ 
posed subjects showed highly elevated 
baselines, irregular excretion time 


courses, and no relationship to in-flight 
nicotine exposure. 

Scatter plots of all data using differ¬ 
ent symbols to distinguish reexposed 
subjects were done to investigate dose- 
response relationships (Fig 2X Urinary 
cotinine excretion (creatinine correct¬ 
ed) at 12 hours after the flight for 
subjects not reexposed showed a dear 
correlation with nicotine exposure re¬ 
ceived during the flight The correlation 
coefficient was .74 with F».0003. 
There was no significant correlation be¬ 
tween the cotinine and nicotine values 
for the re exposed subjects. ' 

Self-reported Symptom* 

Dry month, coughing, sneezing, 
scratchy or sore throat, and headache 
were not significantly related to nico¬ 
tine exposure. On the other hand. 
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F*9 4-—Relationship of urinafy eotiriin* akcrptiop si 12 hours after flight to symptoms a no perceptions during 
flight. Units are nanograms o! cotinine per milligram of creatinine flog transformed; Ln |cotiran* * 1]). 
Numbers of subjects in each category are shown *bove bars representing 1 SE. Black Oars indicate marked 
changes, striped bars, moderate changes; and white bars, rro or mild changes. P value* am ore-tailed. See 
feat for description of scoring system. 


changes in eye symptoms, nose symp¬ 
toms, annoyance with smoking,' and 
perception of a smoky environment 
were all related significantly to the nico¬ 
tine exposures. These relationships are 
illustrated in Fig 3. 

-4s with the nicotine analysis, no sig¬ 
nificant relationships were seen be¬ 
tween the 12-hour log-transformed uri¬ 
nary cotinine values and dry mouth, 
coughing, sneezing, scratchy or sore 
throat, or headache. Like the nicotine 
data just described, these urinary coti¬ 
nine data also showed significant rela¬ 
tionships to eye and nose symptom 
changes as well as to the perception of 
the smoldness in the aircraft cabin (Fig 
4). The relationship for the annoyance 
index was not statistically significant, 
but the observed changes were in the 
expected direction. Some evidence sug¬ 
gests that changes in eye symptoms 
may have been more marked in the two 
subjects wearing contact lenses. 

COMMENT 

Several other studies have measured 


the conclusion that air nicotine levels in 
the nonsmoking areas that border the 
smoking area may be at least as high as 
in similar indoor environments fre¬ 
quented by smokers. 

A small number of studies have been 
published in the scientific literature 
that assess environmental tobacco 
smoke specifically on board aircraft. 
These studies have assessed exposure 
by measuring concentrations of carbon 
monoxide,*’^ particulates," and nico¬ 
tine, 11 * with one also assessing physio¬ 
logical absorption (ie, blood nicotine) re¬ 
sulting from exposure. 1. The results 
from the two studies employing in-flight 
nicotine measurements are summarized 
in Table 3. 

In this study, air levels of nicotine 
were highly variable, with some non¬ 
smoking areas attaining levels greater 
than those in some smoking sections. 
Seating section was a less important 
predictor of actual nicotine exposure. 
This bears out travelers’ anecdotal ob¬ 
servations that the section in which one 
sits is often not as important in deter- 


Tablo 3,—Air Nicotine Levels (ug'nv) in Various 
Indoor Environments* 
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0,4-42 



30 (g«am-7) 

Nl>-n2 


IS) 

26 (p*om«22) 

ND-77 

Aripian#3§ 


15 

5-29 

Thun* 




Offie**# 


as 

14 (peak) 

Office«§ 


19 






Pubs, coffee 



26-52 

•hops# 


5 




10 


Cataeria*$ 


26 

12-42 



37 


wtlting 


7 


room* 


1 




3 


Automobile* 




Open 


65 


ventilation 




Ctosed 


1010 






Roomi; 


500 


Submarined 


15-35 



•NS indicates nonsmoking section; S. smoking sec- 
ban, N&a. nonsmoking **cspn (attendant*}, Sa. wrick¬ 
ing aeceon fittendwtts); end ND. not detectable. 

tThis report 

jOMaker nonsmoking values were measured at or 
near the border wttti smoking m three dWefant types of 
pianea. Arithmetic means warn presented originally**; 
geometric means (geom) were suosequentfy pub¬ 
lished." 

§Muramatau el aJ.“ 

^Summary acfos* studies taken from National Acad¬ 
emy o* Sciences review of studies reported in the 
literature between 195? and IMO-' Tha nutn&or of 
studies cried in the report are is follows: tains, twee; 
office*- one; pubs etc, three; lobbies etc. four automo¬ 
biles, one; rooms, orw: and suemahnes, one. 

f Hamming ft 

an important factor in the levels of air 
nicotine attained. Planes with 100% 
fresh air (flights 1 and 2) had significan t- 
ly less ambient nicotine than those with 
50% fresh air and 50% recirculating 
(flights 3 and 4). Recirculation systems 
sign ific a n tly increase the fuel economy 
and so are an integral part of the design 
of some newer aircraft. Passengers and 
attendants may be exposed to higher 
levels of environmental tobacco smoke 
in the next decade as the percentage of 
seat-hours on airplanes with recircula¬ 
tion systems increases from 30% in 1065 
to an estimated 40% in 1990.* 


air nicotine levels in indoor environ- mining exposure to smoke as is the envi- Attendants are not confined to the 

ments and report that a wide variety of ronment generated by one's neighbors. section in which they are assigned to 

factors act in combination to produce a This environment is determined by sev- work and move through all areas of the 

particular “microenvironment."Differ- eral fectors, including the number of plane. Althoug h the attendants were 

enees in methodology, such as type of cigarettes smoked by neighbors, seat- assigned either to the smoking or non- 

monitoring devices and assays, ventila- ing configuration, air flow patterns, and smoking sections, in fact there were 

tion, selection of sampling times and the percentage of recirculated air. In only about four rows of smokers on each 

number of smokers present, and their these flights, the average number of the four flights and the 'attendants 

location relative to sampling devices, all smoking at any one time was only about worked in both smoking and nonsmok- 

limit precise comparisons across these four and was never observed to be ing areas when they were assigned to 

studies. However, the levels of nicotine greater than eight. This may represent the smoking area. Attendants assigned 

found in this study are comparable to relatively low exposure compared with to nonsmoking areas may have received 

the measurements reported in other flights with many more smokers. exposure from the first-class smoking 

studies shown in Table 3 and support The type of ventilation appeared to be section and from passing through the 
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smoking section in coach. This may ex¬ 
plain why there was no significant dif¬ 
ference in exposure between attendants 
assigned to the two sections. 

Although the levels of exposure of 
attendants measured by the personal 
exposure pumps were less than those of 
passengers (although not statistically 
significant), the amount of nicotine and 
other cigarette smoke products actually 
inhaled and ingested may have been 
greater due to the greater physical ac¬ 
tivity and increased respiratory rate of 
the attendants. If true, this, together 
with the cumulative exposure attained 
from long periods of flight duty, could 
result in greater total exposure over the 
course of an attendant's career. 

The levels of environmental tobacco 
smoke that occurred during the four- 
hour flights led to increased levels of 
cotmine (a major metabolite of nicotine) 
in the urine of both passengers and at¬ 
tendants. Subjects who experienced the 
greatest in-flight nicotine exposure 
generally had the highest levels of uri¬ 
nary' cotinine and continued to excrete 
cotmine for 72 hours after the flight. 
The shape and time course of the decay 
pattern are consistent with a first-order 
pharmacokinetic decay process follow¬ 
ing an initial exposure to nicotine. The 
peak level of cotinine excreted is related 
to the dosage of nicotine received over 
the range of exposures encountered. 

Reports on dose-response data under 
conditions of environmental tobacco 
smoke exposure are sparse, especially 
for the nicotine concentration range 
typically encountered by nonsmokers 
under free-living conditions. This analy¬ 
sis provides estimates of the response to 
a bolus of environmental tobacco 
smoke, delivered over a four-hour peri¬ 
od, shown by a subsequent increase in 
urinary cotinine excretion over time 
synchronized across subjects. This 
study expands upon previous studies 
employing single-point estimates of co¬ 
tmine or self-reported smoke exposure 
levels”'* and provides information on 
the shape of the excretion curve, delay 
to peak, amplitude to the peak, approxi¬ 
mate functional form, and decay time of 
cotinine excretion after environmental 
tobacco smoke exposure. 

Changes between the beginning and 
end of the flights in eye and nose symp¬ 
toms indicative of acute irritation are 
related both to a measure of in-flight 
nicotine exposure and to the later uri¬ 
nary excretion of cotinine. In addition, 
perceptions of annoyance and smoki¬ 
ness in the airplane cabin were likewise 
related to the in-flight nicotine expo¬ 
sure and urinary cotinine excretion 
measures. Experimental studies under 
controlled conditions indicate that in 
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smoky environments, eye, nose, and 
throat symptoms gradually increase 
over time with the duration of exposure 
even when smoke concentrations re¬ 
main constant. Annoyance tends to rise 
quickly as soon as exposure begins and 
then remain constant over time.* The 
irritant effects of cigarette smoke are 
reflected in the numerous complaints 
about smoky conditions by attendants 
and passengers alike in records com¬ 
piled by th* Association of Flight Atten¬ 
dants and in government and industry 
surveys. 11 ^'*’ In these surveys, 60% of 
nonsmoking passengers and 15% of 
smokers reported being annoyed by in¬ 
flight tobacco smoke. “ Ninety-five per¬ 
cent of cabin attendants reported irrita¬ 
tion and annoyance, 11 '* with 69% in one 
study 1 * perceiving smoky air to be a 
more serious concern than other work 
environment conditions such as tem¬ 
perature, odors, dust levels, and noise. 

Taken together, data from this study 
on in-flight nicotine exposure, subse¬ 
quent cotinine excretion, and acute 
symptoms demonstrate that total sepa¬ 
ration of smoking and nonsmoking sec¬ 
tions was not achieved on the flights 
studied. The exposures experienced by 
passengers and attendants are compa¬ 
rable to those in other closed environ¬ 
ments where smoking is allowed and 
represent another contributor to the cu¬ 
mulative health risk, acute irritation, 
and annoyance that nonsmoking indi¬ 
viduals receive from passive smoking. 
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